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AUTHOR NOTE:

THE PUBLISHED PAPER (AND THIS MANUSCRIPT, WHICH IS THE VERSION ACCEPTED FOR PUBLICATION)
MISTAKENLY INCLUDED CARVEDILOL ON THE LIST OF DRUGS TO BE AVOIDED IN PATIENTS WITH CRCL < 
30 ML/MIN.  THERE IS NO SUCH RESTRICTION.  PLEASE SEE A CORRECTION TO BE PUBLISHED IN AN 
UPCOMING ISSUE OF THE JOURNAL OF THE AMERICAN GERIATRICS SOCIETY THAT PROVIDES THE 
CORRECTED OVERALL RATE OF RENALLY INAPPROPRIATE PRESCRIBING.  THE DIFFERENCE BETWEEN 
THE RATE LISTED IN THIS MANUSCRIPT AND THE CORRECTED RATE IS SMALL, AND THE DIFFERENCE 
DOES NOT AFFECT OUR CONCLUSIONS.

WE APOLOGIZE FOR THE ERROR.
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Abstract:

BACKGROUND / OBJECTIVES:  Little is known about how many ambulatory older adults with chronic 

kidney disease receive medications that are contraindicated or dosed excessively given their level of 

renal function.  

DESIGN, SETTING, AND PARTICIPANTS:  Cross-sectional retrospective study of adults age 65 and older 

with creatinine clearance (CrCl) 15-49 ml/min who received care in U.S. Department of Veterans Affairs 

(VA) clinics.  

MEASUREMENTS:   We examined 40 medications which require dose adjustment or are contraindicated 

in people with impaired renal function.  Medication use and CrCl (calculated using the Cockroft-Gault 

equation) were assessed through VA pharmacy, laboratory, and other data sources as of October 2007. 

RESULTS: Among 83,850 eligible older veterans with CrCl 15-49 ml/min, mean age was 80 years and 96% 

were men. Overall, 13% of patients with CrCl 30- 49 ml/min and 32% of patients with CrCl 15-29 ml/min 

received one or more drugs that were contraindicated or prescribed at an excessive dose given the 

patient’s level of renal function.  The strongest risk factor for renally inappropriate prescribing was 

number of medications used:  the adjusted relative risk of receiving renally inappropriate medications 

was 5.5 times higher (95% CI, 5.1-5.9) in older adults taking 10 or more medications compared with 

those taking 1-3 medications.  Ranitidine, allopurinol, and metformin together accounted for 76% of 

renally misprescribed medications in patients with CrCl 30-49 ml/min.  Glyburide, ranitidine, gemfibrozil, 

carvedilol, and allopurinol accounted for 47% of renally misprescribed drugs for patients with CrCl 15-29 

ml/min.
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CONCLUSION: Inappropriate prescribing of renally cleared medications is common among ambulatory 

older veterans, and only a few medications account for most of these prescribing problems. 

Key words:  chronic kidney disease; drug utilization; quality of care; pharmacoepidemiology; veterans
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Introduction

In adults with chronic kidney disease (CKD), renally inappropriate prescribing – that is, failure to adjust 

medication dose to account for impaired renal function, or use of medications that are contraindicated 

in this setting - can lead to adverse outcomes.1,2  This is a particularly vital issue for older adults. Not only 

does this group have high rates of CKD, but older adults have a high burden of chronic comorbid 

conditions and often use multiple medications, which together place these patients at particularly high 

risk of harm.3-6  

Previous research suggests that renally inappropriate prescribing is common in specific high-risk settings.

In several studies of drug use in hospitalized adults, 15% to 67% of drugs that require renal adjustment 

were given at inappropriate doses or intervals.7-11  Other studies that examined elderly residents of long-

term care facilities found similarly high rates of renal misprescribing.12-14  However, while inappropriate 

renal prescribing appears to be common in inpatient settings, surprisingly little research has been 

conducted on the frequency of renally inappropriate prescribing in outpatient settings.  A limited 

number of studies suggest that inappropriate dosing of renally cleared medications may occur in 

approximately 10% to one-third of ambulatory adults, yet the few available studies are limited by varying

methods, small sample sizes, and a focus on patients from one institution or region, as opposed to 

broader populations of adults or a focus on older adults in particular.15-20   This information is essential to 

understand the epidemiology of renally inappropriate prescribing in older adults in the outpatient 

setting and to guide interventions that can improve medication prescribing in this vulnerable group.
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To study these issues, we evaluated the prevalence of and risk factors for renally inappropriate 

medication use among older adults with impaired renal function receiving outpatient care in the U.S. 

Veterans Affairs (VA) health care system.  

Methods

SUBJECTS

We evaluated adults aged 65 years and older with creatinine clearance of 15-49 ml/min  who were 

receiving one or more outpatient medications from VA pharmacies and were not residing in an inpatient 

facility on October 1, 2007.  We excluded patients for whom creatinine clearance could not be assessed 

due to lack of recent weight or serum creatinine measurements (per assessment procedures described 

below), and a small number of patients who had incomplete prescription data.  To focus our analyses on 

patients who predominantly received their health care and medications from VA sources, we also 

excluded patients who had fewer than 80% of their outpatient health care encounters in VA settings over

the previous year, or who were enrolled in Medicare Managed Care.  

While staging for renal disease typically uses estimated glomerular filtration rate (eGFR), drug dosing 

recommendations have historically been based on creatinine clearance (CrCl), which is similar although 

not identical to eGFR.  There is controversy on the appropriateness of using eGFR for purposes of 

medication dose adjustment, and there are several potential problems with CrCl-based assessments.  

These include relatively recent standardization of laboratory serum creatinine measurements that yield 

different CrCl results than the methods in place when many medications were initially tested and renal 

dosing parameters established.21 Nonetheless, many experts and VA still recommend using CrCl when 
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possible.22-24 As a result, in this paper our primary analyses are based on CrCl estimated via the Cockroft-

Gault equation, although we also present sensitivity analyses using eGFR-based methods. 

We chose to focus on patients with CrCl 15-49 ml/min for the following reasons.  Patients with CrCl <15 

ml/min often receive intensive nephrology care and are subject to different prescribing restrictions than 

patients with non-end-stage renal disease.   (For similar reasons, we excluded patients on dialysis, 

regardless of CrCl).   Regarding the upper limit, many drugs that require dose adjustment have an upper 

threshold for dose adjustment beginning at CrCl <50 ml/min.  Among 373,549 veterans meeting 

inclusion criteria other than the presence of impaired renal function, 83,850 had CrCl in our target range 

of 15-49 ml/min.  Of the remaining 289,699 veterans whose CrCl was outside our target range (and were 

thus excluded), 289,149 had CrCl≥50 ml/min, and 550 had CrCl<15 ml/min.  

MEASURES

Medication use:  Using data from VA Pharmacy Benefits Management files,  we evaluated medications 

prescribed through VA outpatient pharmacies as of October 1, 2007 (the index date for our study).  

Medications were considered to be in active use on the index date if there had been a prescription fill 

prior to that date with sufficient quantity dispensed to last through the index date if taken as directed.  

To account for transient non-adherence and short gaps in refills, we also considered a drug to be in 

active use on the index date if the patient received a supply of medication sufficient to cover 80% or 

more of days within the previous six months, and the patient was dispensed the same drug after the 

index date. 25

Renal function and weight:  While prescribers may dose newly-prescribed medications based on the 

most recent estimate of renal function, for prevalent medications (the focus of this study) the patient’s 
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recent average estimated renal function is the more relevant metric.  To establish a baseline value of 

creatinine (from which renal function is derived), we used data from VA’s LAR Lab Results file to 

determine the mean of the two most recent serum creatinine measures in the year prior to October 1, 

2007 that were measured at least 30 days apart.  If the two data points differed by greater than 50% in 

value, then a third most recent data point was selected as a tiebreaker and averaged with the other data 

point closer in value.  To exclude transient changes in renal function that can accompany severe acute 

illness, we excluded creatinine measures while patients were hospitalized or within 3 days before or after

hospitalization.   

Using data from VA’s Corporate Data Warehouse (CDW), we also assessed the most recent recorded 

weight obtained in a clinic setting in the previous 2 years.  If no such weights were available, we used the

most recent weight in any other (e.g., inpatient) setting.  We excluded weights below 70 or above 500 

pounds, since those are likely to have been entered in error.

We used serum creatinine measurements and weight to calculate CrCl using the Cockroft-Gault 

equation.  In sensitivity analyses, we calculated eGFR using the CKD-EPI equation.  We also assessed 

eGFR using the Modification of Diet in Renal Disease (MDRD) equation26, which was the dominant 

method for estimating GFR in VA clinical laboratories in 2007, and using the Berlin Initiative Study 1 

(BIS1) equation, a recently-developed measure of eGFR designed to more accurately estimate GFR in the 

elderly.27  

Comorbid conditions and nephrology care:  Using established methods, we defined comorbid conditions 

using clusters of disease-specific ICD9 codes from the Healthcare Cost and Utilization Project Clinical 

Classification System.28  Conditions were considered present if they were coded in at least two outpatient
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visits or at least one inpatient discharge diagnosis over the previous year in either VA or Medicare 

settings, as assessed through the VA National Patient Care Database and equivalent CDW files and 

through Medicare MedPAR (inpatient) and  Carrier and Outpatient (outpatient) files available through 

VA’s VIReC program.  We also ascertained whether patients had an outpatient nephrologist visit in the 

past year by evaluating clinic stop codes in VA and physician specialty identifiers in Medicare outpatient 

data.

Identifying renally inappropriate medication use:       We used a two-pronged approach to identify drugs 

commonly used by older veterans that require dose adjustment or are contraindicated in people with 

impaired renal function.  First, we identified 133 of the most commonly prescribed drugs given to adults 

age 65 and older in VA, and consulted an online pharmacy reference guide (LexiComp) to identify renal 

prescribing guidelines for each based on CrCl cutoffs.  Second, we included drugs identified in a 

consensus report of important medications that require dose adjustment in ambulatory older adults.29  

In cases where both sources included a drug and provided conflicting recommendations on renal dosing, 

we used renal dosing recommendations from the consensus report.  This process identified a total of 40 

medications which require dose adjustment or are contraindicated in patients with low CrCl (shown in 

Appendix Table 1).  This included 16 drugs that require dose adjustment and 4 drugs that are 

contraindicated for people with CrCl 30-49 ml/min, and an additional 10 drugs that require dose 

adjustment and 10 that are contraindicated for people with CrCl 15-29 ml/min.  This list is not intended 

to be utterly comprehensive, but to include the most commonly prescribed drugs dispensed via 

pharmacy that require renal adjustment.  

There has been considerable debate over appropriate renal dosing criteria for metformin, one of the 

most commonly used drugs on our list, as the creatinine-based criteria listed on the product label are 
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considered antiquated and overly restrictive by many experts.30  For our main analyses we therefore 

chose an intermediate and increasingly accepted approach based on expert opinion with a maximum 

recommended dose of 1275 mg/day for patients with CrCl 30-49 ml/min and a recommendation not to 

use this medication in patients with CrCl<30 ml/min (these recommendations are based on eGFR levels, 

but for the sake of consistency in this paper we frame them as CrCl thresholds).30

ANALYSES

Most analyses were descriptive (e.g. means and percents), and focused on the frequency with which 

drugs were misprescribed at different levels of renal function.  To examine predictors of misprescribing, 

we performed relative risk estimation using modified Poisson regression.  The outcome was whether a 

patient received one or more renally inappropriate medications, and the predictors are those shown in 

Table 2.  No variables were excluded from the model in the model-building process, and there was no 

evidence of multicollinearity between variables.   Statistical analyses were performed using SAS 9.2 (SAS 

Institute, Cary, North Carolina).  This research was approved by the Research and Development 

Committee of the San Francisco VA Medical Center and by the Committee on Human Research at the 

University of California, San Francisco.

Results

Among 83,850 veterans with CrCl 15-49 ml/min, mean age was 80±6 years, and 96% were male (Table 1).

On average, these patients were diagnosed with a mean of 3.6±2.5 comorbidities and were taking a 

mean of 5.9±3.3 medications.  Overall, 87% of the cohort (N=72,834) had CrCl values between 30-49 

ml/min.  Only 9% of this group had visited a nephrologist within the baseline year.  The remaining 13% of
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the cohort (N=11,016) had CrCl values between 15-29 ml/min, of whom 33% visited a nephrologist 

within the same time frame.  

Among 72,834 veterans with CrCl 30-49 ml/min, 30% (N=21,864) were taking at least one medication for 

which there are renal dosing recommendations (Figure 1).  Overall, 13% of veterans with CrCl 30-49 

ml/min (N=9,529) were taking at least one medication that was misprescribed according to renally-

focused recommendations.  This included 9,309 patients who received medications at inappropriately 

high doses given their level of renal function, and 263 patients who received medications that were 

contraindicated at their level of creatinine clearance.  (Of note, 43 patients received one or more 

medications in both types of problems; i.e., excessive dose and contraindicated).  Among the 9,529 

patients with CrCl 30-49 ml/min who were prescribed one or more renally inappropriate medications, 

8,970 were taking 1 such medication, 542 were taking 2 such medications, and 17 were taking 3 or more 

such medications.  

The frequency of misprescribing was greater in patients with CrCl 15-29 ml/min.  Among 11,016 patients 

with this level of creatinine clearance, 5,891 (53%) were prescribed at least one medication for which 

renal guidelines apply, with 3,491 (32%) receiving at least one contraindicated or inappropriately dosed 

medication.  These 3,491 patients with at least one prescribing problem included 2,097 patients who 

received at least one inappropriately dosed medication and 1,771 who received at least one medication 

contraindicated at their level of creatinine clearance.  (There were 377 patients whose medication 

regimen included both types of prescribing problems).   

Overall, among the 83,850 veterans with CrCl 15-49 ml/min, 13,020 (16%) were prescribed at least one 

renally inappropriate medication (see Appendix Table 2 for additional details).
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There were substantial differences in which drugs were most commonly misprescribed at different levels 

of renal function, in part reflecting the fact that contraindications and dosing guidelines differ by level of 

creatinine clearance (Figure 2).  In patients with CrCl 30-49, most issues were with dosing rather than 

prescription of contraindicated medications, and excessive doses were common for a number of drugs.  

For instance, 77% of prescriptions for ranitidine given to patients with CrCl 30-49 ml/min were given at 

excessive doses, as were 51% of prescriptions for metformin, 33% of prescriptions for allopurinol and 

20% for gabapentin (Figure 2A). Overall, 3 drugs (ranitidine, allopurinol, and metformin) accounted for 

76% of all misprescribed drugs for patients with CrCl 30-49 ml/min.  For patients with CrCl 15-29 ml/min,

there were considerably more drugs that were renally misprescribed (Figure 2B).  In many instances, 

these were medications that are contraindicated at CrCl < 30 ml/min.  Together, 5 medications 

(glyburide, ranitidine, gemfibrozil, carvedilol, and allopurinol) accounted for 47% of renally 

misprescribed drugs for patients with this level of creatinine clearance.

 

Figure 3 shows rates of misprescribing for three commonly-used drugs at varying levels of renal 

impairment.  Metformin was commonly prescribed among patients with mild levels of renal impairment 

(CrCl 45-49 ml/min).  The number of prescriptions sharply decreased as renal impairment worsened, 

although the proportion of these prescriptions that were given at excessive doses was similar across the 

range of CrCl at which dose reduction (rather than total avoidance) is advised.  In comparison, ranitidine 

and gabapentin each maintained similar rates of overall use and a similar proportion of misprescribing 

across all levels of creatinine clearance.

In multivariable analysis, the use of multiple medications was the strongest predictor of inappropriate 

renal prescribing (Table 2).  Compared to patients taking 1-3 medications, those taking 10 or more drugs 
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had a 5.5-fold higher risk of using at least one renally inappropriate medication.  In addition, the risk of 

renally inappropriate medication use was similar for patients at the higher and lower ends of creatinine 

clearance within a range of 30-49 ml/min, but was 2.4 times higher in patients with CrCl 15-29 ml/min 

(adjusted RR 2.44, 95%CI 2.34-2.55) compared to patients with CrCl 45-49 ml/min.

In sensitivity analyses, we repeated our analyses based on eGFR rather than CrCl levels.  We used three 

methods for calculating eGFR: CKD-EPI, the currently-preferred method for calculating eGFR in most 

settings; the MDRD equation, which was used by VA laboratory services at the time of our data 

collection; and the BIS1 equation.  Overall, there were 86,911 patients with eGFR 15-49 ml/min/1.73 m2 

by CKD-EPI calculations, 61,258 patients by MDRD calculations, and 133,249 by BIS1 calculations.  The 

relative frequency of renal misprescribing was similar regardless of the method used to calculate renal 

function:  altogether, 17.4% to 18.7% of patients with eGFR 15-49 ml/min/1.73m2 used at least one 

medication that was contraindicated or inappropriately dosed (see Appendix Figures 1-4), compared 

with 15.5% of patients with CrCl 15-49 ml/min.
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Discussion

In this national study of older veterans, we found a high prevalence of renally inappropriate medication 

use in the outpatient setting.  Overall, 13% of older adults with CrCl 30-49 ml/min and 32% with CrCl 15-

29 ml/min were prescribed one or more drugs that were contraindicated or prescribed at an 

inappropriately high dose given their level of renal function.  Among older patients with moderate levels 

of renal impairment (CrCl 30-49 ml/min), the most commonly misprescribed medications were those 

that required dose adjustments, such as ranitidine, allopurinol, and metformin.  Patients with more 

severe levels of renal impairment (CrCl 15-29 ml/min) were more likely to be prescribed medications at 

inappropriately high doses (e.g., ranitidine, allopurinol, loratadine) and those that were contraindicated 

(e.g., glyburide, gemfibrozil, carvedilol).  However, in adjusted analyses, use of multiple medications 

rather than level of renal function was the strongest predictor of having renally inappropriate medication

use.

The finding that multiple medication use was the strongest predictor of renally inappropriate prescribing 

is consistent with other research showing that number of medications is the strongest risk factor for a 

wide variety of medication-related problems.3  This is likely in large part due to the general principle that 

the more drugs a patient takes, the greater the probability that at least one of those drugs will cause a 

problem.  In addition, the higher rates of renally inappropriate prescribing in patients with CrCl 15-29 

ml/min reflects the substantially greater number of contraindicated medications and dose reductions 

that apply at this level of creatinine clearance.  On the other hand, the renally healthier patients with 

CrCl levels only slightly below 50 ml/min may not be as closely monitored with respect to renal 

prescribing guidelines since they are on the borderline of guideline thresholds.  Several factors may 

contribute to this.  Minor fluctuations in serum creatinine can substantially impact whether these 
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patients are estimated to have CrCl above or below the threshold at which renal prescribing 

recommendations are applicable.   Moreover, many clinicians base their medication prescribing on eGFR 

levels, which are routinely reported in lab test results, and levels of eGFR and CrCl may diverge 

substantially for the same patient.  

Of note, as shown in Table 2 there were several factors which were protective against renally 

inappropriate prescribing.  However, the magnitude of these protective effects were relatively small 

compared with the number of medications taken, and thus are less likely to be a focal point for 

interventions focused on identifying patients at high risk in renally inappropriate prescribing.

  

The high rate of renally inappropriate prescribing observed in older adults suggests an important quality 

gap.  Fortunately, in integrated health care systems like the VA, the ability to link laboratory data with 

pharmacy information offers promising avenues to address this problem.  Potentially useful strategies 

could include automated CrCl reporting in e-prescribing systems as well as the creation of automated 

alerts when medications are prescribed at doses inappropriate for a given patient’s renal function.31,32  

However, such strategies are not a panacea, as such alerts are often overridden (often inappropriately), 

and have yielded only modest to moderate improvements in medication ordering.7,33-36  Causes of the 

disappointing track record of such interventions likely include alert fatigue and lack of buy-in to the 

clinical importance of these alerts.   An automated alert system that is carefully designed to “get it right” 

for a limited number of drugs may be more credible and effective than systems that focus more 

generically on dozens or hundreds of drugs.  Finally, the finding that number of drugs is the strongest 

predictor of renal misprescribing – even substantially more than level of CrCl - suggests that efforts to 

reduce renally inappropriate prescribing at the patient level may benefit by targeting patients with 

extensive medication burden.  
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A number of contextual factors are important to consider in interpreting our findings.  Even though we 

employed criteria from a commonly used and widely respected pharmacy reference source, other 

sources may provide different recommendations for medication adjustment in patients with renal 

impairment.37  These disagreements reflect a lack of consensus on appropriate renal dosing guidelines 

for a number of drugs, including some of the drugs that accounted for a substantial proportion of the 

renal misprescribing that we observed.30,38-41   For example, current guidelines recommend using lower 

dose regimens of allopurinol in people with chronic kidney disease to reduce risk of allopurinol 

hypersensitivity syndrome.42  However, recent literature suggests that lower doses often fail to 

adequately treat hyperuricemia in gout and that higher allopurinol dose may not increase risk for the 

hypersensitivity syndrome.40,41,43   There is also evidence that current recommendations to reduce the 

dose of ranitidine at CrCl<50 ml/min may be unnecessarily restrictive.44  Similarly, the comparative 

benefits of using metformin to manage diabetes in people with moderate renal disease may outweigh 

the downsides.39,45  For this reason, we used intermediate and increasingly accepted metformin dosing 

guidelines based on American Diabetes Association recommendations.  Finally, not all prescribing errors 

result in harm.  Nonetheless, even if only a fraction of the inappropriate prescriptions we identified have 

the potential for causing serious adverse events, this has important consequences for thousands of older

adults.  

Another important consideration in interpreting our results is the nature of the study population.  

Because the VA serves a predominantly male population and has a different organizational structure 

than many private health care providers, the generalizability of our findings to other health care systems 

is uncertain.   Nevertheless, the national scope of the VA healthcare system and the richness of its 

electronic medical record and data systems enable a comprehensive view of inappropriate renal 
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prescribing practices in the largest integrated health care delivery system in the United States.  

Moreover, although women comprise only a small percentage of older veterans, our cohort included a 

large absolute number of female patients, and our multivariable analysis did not indicate large 

differences in the frequency of renal prescribing problems between women and men.  Our method of 

determining baseline serum creatinine levels evaluated medium-term renal function (up to one year 

prior to the index date), and so may have missed patients with more recent changes in renal function.  

Finally, it is possible that prescribing practices have changed since the period covered in our study.  

However, we are not aware of any major initiatives in the past several years in VA or nationally that have 

focused on prescribing for patients with renal impairment, and it is unlikely that prescribing practices 

have markedly changed since the time of our study.

In summary, renally inappropriate medication use is common among ambulatory older veterans with 

chronic kidney disease, particularly in patients taking multiple medications, and a limited number of 

drugs account for the majority of prescribing issues.  These results highlight an important quality gap in 

prescribing for patients with renal impairment, and the need for carefully crafted interventions to 

improve medication prescribing for this large and vulnerable population. 
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FIGURE LEGENDS

Figure 1 - Use of renally inappropriate medications among patients with CrCl 30-49 ml/min

Some patients were prescribed both medications that are contraindicated and those that are 

inappropriately dosed at their level of creatinine clearance.  

* All criteria are specific to each patient’s level of renal function.  Renal prescribing guidelines include 

drugs which are considered contraindicated below a given level of creatinine clearance (in which case 

any use is considered inappropriate), and drugs for which reduced doses are recommended (in which 

case use of a higher-than-recommended dose is considered inappropriate).

Figure 2 - Most common medications with renally inappropriate prescribing

This figure shows all drugs that were renally misprescribed for at least 1% (rounded) of patients with 

creatinine clearance 30-49 ml/min (panel A) and creatinine clearance 15-29 ml/min (panel B).  For 

medications that require dose adjustment, black bars represent the percent of patients who received the

drug at an inappropriately high dose, and the white bars represent the percent of patients who received 

the drug at an appropriate dose.  

Figure 3 - Patterns of renally inappropriate medication use by level of renal function

Graphs show percent of all patients at each level of renal function who used metformin (panel A), 

ranitidine (panel B), and gabapentin (panel C), and the percentage of these prescriptions that were 

written at doses above and below recommended dose limits.  Metformin is contraindicated at creatinine 

clearance <30 ml/min, so all prescriptions for this drug among patients with creatinine clearance <30 

ml/min are considered renally inappropriate.  Ranitidine and gabapentin have dose restrictions but not 

an absolute contraindication across the range of creatinine clearances shown.
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Table 1 – Patient characteristics by creatinine clearance level (n = 83,850)

Characteristic
All patients with 

CrCl 15-49 ml/min
(n = 83,850)  

No. (%)

Patients with 
CrCl 30-49 ml/min

(n = 72,834)  
No. (%)

Patients with 
CrCl 15-29 ml/min

(n = 11,016)  
No. (%)

Gender
     Male 80,718 (96.3) 70,277 (96.5) 10,441 (94.8)

Age (years)
    65-74
    75-84
    ≥85

18,694 (22.3)
46,882 (55.9)
18,274 (21.8)

17,035 (23.4)
41,548 (57.0)
14,251 (19.6)

1,659 (15.1)
5,334 (48.4)
4,023 (36.5)

Race/ethnicity
    White non-Hispanic
    Black non-Hispanic
    Hispanic 
    Other non-Hispanic/unknown

64,606 (77.1)
14,358 (17.1)

2,267 (2.7)
2,619 (3.1)

56,794 (78.0)
11,961 (16.4)
1,884 (2.6)
2,195 (3.0)

7,812 (70.9)
2,397 (21.8)

383 (3.5)
424 (3.8)

Comorbid conditions
       Diabetes
       Gout
       GERD/PUD*

       Congestive heart failure
       Coronary artery disease
       COPD/Asthma*

       Depression

25,232 (30.1)
4,161 (5.0)

11,548 (13.8)
10,348 (12.3)
21,977 (26.2)
14,998 (17.9)

6,091 (7.3)

21,847 (30.0)
3,344 (4.6)

10,002 (13.7)
  8,205 (11.3)
18,673 (25.6)
12,909 (17.7)
5,331 (7.3)

3,385 (30.7)
 817 (7.4)

1,546 (14.0)
2,143 (19.5)
3,304 (30.0)
2,089 (19.0)

760 (6.9)

Number of medications used
    1-3
    4-6
    7-9
    10 or more

21,885 (26.1)
30,472 (36.3)
20,077 (23.9)
11,416 (13.6)

19,624 (26.9)
26,615 (36.5)
17,101 (23.5)
  9,494 (13.0)

2,261 (20.5)
3,857 (35.0)
2,976 (27.0)
1,922 (17.4)

Number of primary care & 
subspecialty visits  in prior year
    1-3
    4-6
    7-9
    10 or more

26,817 (32.0)
26,299 (31.4)
13,243 (15.8)
17,491 (20.9)

23,844 (32.7)
23,023 (31.6)
11,347 (15.6)
14,620 (20.1)

2,973 (27.0)
3,276 (29.7)
1,896 (17.2)
2,871 (26.1)

1 or more nephrologist visits  in prior 
year 10,357 (12.4) 6,714 (9.2) 3,643 (33.1)

* GERD/PUD = gastroesophageal reflux disease, peptic ulcer disease, and/or dysphagia;  COPD = chronic 
obstructive pulmonary disease.
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Table 2 – Risk factors for receiving one or more renally inappropriate prescriptions 

Risk Factor Adjusted Relative Risk (95% CI) P Value

Creatinine clearance (ml/min)

    45 – 49 (reference) --

    40 – 44 0.96 (0.92 – 1.00) 0.07

    35 – 39 0.94 (0.90 – 0.99) 0.02

    30 – 34 1.06 (1.00 – 1.12) 0.04

    15 – 29 2.44 (2.34 – 2.55) <0.001

Female gender 1.08 (1.00 – 1.17) 0.04

Age

    65 – 74 (reference) --

    75 – 84 0.99 (0.95 – 1.03) 0.65

    ≥ 85 0.91 (0.86 – 0.95) <0.001

Race/Ethnicity

    White (reference) --

    Black 0.92 (0.88 – 0.96) <0.001

    Hispanic 0.99 (0.90 – 1.08) 0.81

    Others 0.92 (0.85 – 1.01) 0.08

Comorbid conditions

    Diabetes 1.47 (1.42 – 1.52) <0.001

    Gout 1.82 (1.73 – 1.92) <0.001

    GERD/PUD* 1.35 (1.29 – 1.41) <0.001

    Heart failure 1.01 (0.97 – 1.06) 0.59

    Coronary Artery Disease 0.99 (0.96 – 1.03) 0.76

    COPD/Asthma* 0.97 (0.93 – 1.02) 0.22

    Depression 0.93 (0.88 – 0.99) 0.02

Nephrologist visit 0.80 (0.76 – 0.83) <0.001

Number of Medications taken 

    1 – 3 (reference) --

    4 – 6 2.63 (2.47 – 2.80) <0.001

    7 – 9 4.10 (3.84 – 4.37) <0.001

    ≥ 10 5.53 (5.16 – 5.92) <0.001

Number of primary care / subspecialty visits (baseline year)

    1 – 3 (reference) --
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    4 – 6 0.95 (0.91 – 0.99) 0.01

    7 – 9 0.92 (0.87 – 0.96) <0.001

    ≥ 10 0.92 (0.88 – 0.97) <0.001

Given the binary nature of the outcome, incidence rate ratio is equivalent to relative risk.  Analyses were 
performed using zero-inflated Poisson regression with robust error variance.  The outcome for this 
analysis was receipt of at least one renally inappropriately dosed or contraindicated drug (yes vs. no).  
Analyses were adjusted for each of the covariates listed in the table.

* GERD/PUD = gastroesophageal reflux disease, peptic ulcer disease, and/or dysphagia; COPD = chronic 
obstructive pulmonary disease
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Figure 1 - Use of renally inappropriate medications among patients with CrCl 30-49 ml/min

Some patients were prescribed both medications that are contraindicated and those that are 

inappropriately dosed at their level of creatinine clearance.  

* All criteria are specific to each patient’s level of renal function.  Renal prescribing guidelines include 

drugs which are considered contraindicated below a given level of creatinine clearance (in which case 

any use is considered inappropriate), and drugs for which reduced doses are recommended (in which 

case use of a higher-than-recommended dose is considered inappropriate).

26



27

27

Patients age 65 and older with creatinine clearance 30-49 ml/min
N=72,834

Taking ≥1 medications that are contraindicated
and/or inappropriately dosed

N=9,529 (13%)

No renal prescribing problems

N =63,305 (87%)

Taking no inappropriately
dosed medications*

N=12,393 (17%)

Taking ≥1 inappropriately
dosed medications

N=9,309 (13%)

Taking ≥1 medications that
require dose adjustment

N=21,702 (30%)

Taking ≥1 medications that are
contraindicated
N=263 (0.4%)

Taking no medications for which renal prescribing
guidelines apply
N=50,970 (70%)

Taking ≥1 medications for which renal prescribing
guidelines apply
N=21,864 (30%)
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Figure 2 - Most common medications with renally inappropriate prescribing

This figure shows all drugs that were renally misprescribed for at least 1% (rounded) of patients with 

creatinine clearance 30-49 ml/min (panel A) and creatinine clearance 15-29 ml/min (panel B).  For 

medications that require dose adjustment, black bars represent the percent of patients who received the

drug at an inappropriately high dose, and the white bars represent the percent of patients who received 

the drug at an appropriate dose.  
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A. Patients with CrCl 30–49 ml/min

B. Patients with CrCl 15–29 ml/min

29

Medications that require dose adjustment at CrCl 30–49 ml/min

Medications that require dose adjustment at CrCl 15–
29 ml/min

Medications that are 
contraindicated 

at CrCl 15–29 ml/min
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Figure 3 - Patterns of renally inappropriate medication use by level of renal function

Graphs show percent of all patients at each level of renal function who used metformin (panel A), 

ranitidine (panel B), and gabapentin (panel C), and the percentage of these prescriptions that were 

written at doses above and below recommended dose limits.  Metformin is contraindicated at creatinine 

clearance <30 ml/min, so all prescriptions for this drug among patients with creatinine clearance <30 

ml/min are considered renally inappropriate.  Ranitidine and gabapentin have dose restrictions but not 

an absolute contraindication across the range of creatinine clearances shown.
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